two systematic reviews including prospective studies with only patients undergoing elective colorectal surgery showed that CRP has a strong negative predictive value for complications. 4 one meta-analysis further emphasized the results, again only including patients undergoing elective operations. 16, 17 Retrospective studies included both emergency and elective procedures. no correction was performed for emergency surgery in these reviews or in other recent publications reporting cutoff values for CRP. 7, 9, 14, 18 in conclusion, most evidence on CRP as a predictor of postoperative complications has come from studies on patients undergoing elective surgery, and very little evidence exists concerning the patient undergoing emergency surgery.
approximately 25% of patients undergoing colorectal surgery are operated on in an acute setting, for instance, in bowel perforation, obstruction, ischemia, and other causes of sepsis and tissue damage. 19 the incidence of major complications in acute colorectal surgery has been shown to be significantly higher than in elective surgery. therefore, early diagnosis and subsequent treatment is essential in this group. Because CRP levels are raised preoperatively, at baseline, this might affect the assessment of postoperative CRP levels. the aim of this study is to determine the course of CRP levels after emergency colorectal surgery in comparison with elective surgery, and to assess whether serum CRP is an adequate predictive marker for major postoperative complications after major colorectal surgery in an emergency setting.
MATERIALS AND METHODS
Study Design an observational cohort study was conducted of all patients undergoing colorectal surgery in the Vu university medical Center, amsterdam, the netherlands, between January 2009 and march 2014. Colorectal surgery was defined as all colorectal resections with reconstruction via primary anastomosis and/or stoma, including bowel resections, ileocecal resections, right and left hemicolectomies, and sigmoid and rectal resections. Both laparoscopic and open procedures were included, for either malignant or benign disease.
Recorded data regarding baseline characteristics included age, sex, BMI, comorbidities and ASA classification. Recorded clinical parameters included indication for operation, acute or elective procedure, type of surgery, duration of surgery, tnm classification, radicality and number of resected lymph nodes, clinical parameters, CRP measurements, performed Ct scans, complications according to Clavien-Dindo classification, and mortality. all parameters were recorded up until the seventh postoperative day or until discharge, as available. samples were analyzed for CRP levels with the Roche modular P800 chemistry analyzer.
the study protocol was assessed and approved by the medical ethics committee of the Vu university medical Centre, amsterdam (protocol number 2014.040). informed consent was waived.
Complications were graded according to a modified Clavien-Dindo classification, which grades complications according to the necessitated treatment. 1 minor complications, consisted of grades i and ii, encompassing complications that require pharmaceutical treatment (ie, antibiotics) or wound infections treated by opening the wound at the bedside. major complications consisted of grade iii to V, encompassing all complications that require invasive treatment (ie, percutaneous drainage or reoperation), iCu admission and even leading up to death. mortality was defined as both in-hospital mortality and 30-day mortality. all patients received perioperative prophylactic intravenous antibiotics and thromboprophylaxis according to local protocol.
Statistical Analysis
statistical analysis was conducted in sPss version 19.0 (sPss inc. Chicago, il). Continuous variables with normal distributions were presented as means and sDs. transformation with natural logarithm was performed for continuous skewed data. the adjusted mean was presented. for nonnormal distributions that remained skewed after correction, median and interquartile ranges (iQRs) are given, and nonparametric tests were used. Categorical data were expressed with percentage frequencies.
Comparison for CRP levels between patients operated on in an acute setting versus an elective procedure was conducted with the student t test. a value of p < 0.05 was considered statistically significant. χ 2 test and mcnemar analysis were used for comparing categorical variables as appropriate. logistic regression analysis was performed to correct for confounders and effect modifiers by using the preestablished cutoff for CRP of 140 mg/l on the third postoperative day. 8, 13, 14 
RESULTS
in the period from January 1, 2009, to march 1, 2014, 724 patients underwent a colorectal resection with anastomosis and/or stoma for either benign or malignant disease at the Vu university medical Center, amsterdam, the Netherlands. Baseline characteristics are depicted in table 1. a total of 165 of 724 patients (22.8%) were operated on in an acute setting, indicating that surgery was performed within 48 hours of presentation to the emergency department. bowel ischemia in 34 patients (20.6%), obstruction or perforation of diverticular disease in 24 patients (14.5%), strangulation ileus or volvulus in 21 patients (12.7%), stenosis or exacerbation in IBD in 14 patients (8.5%), and other sort of bowel perforations (ie, iatrogenic) in 15 patients (9.1%). the remaining 14 (8.5%) were operated on acutely owing to a variety of other reasons.
four patients were discharged before postoperative day 3; all had an uncomplicated postoperative course. three patients had an elective resection of the sigmoid; 2 of these patients had a primary anastomosis, and 1 patient received a stoma. one patient had an acute resection of the small bowel with primary anastomosis because of strangulation with adhesions.
four patients died before postoperative day 3. three patients died following ongoing sepsis, regardless of acute surgery; 1 patient had perforated diverticulitis, 1 patient had a near blowout of the colon because of an obstructive tumor, and one patient had bowel ischemia of unknown origin. one patient undergoing elective surgery died following cardiac arrest.
Postoperative Major Complications
in the total population of 724 colorectal patients, 176 patients experienced a major complication (24.3%). the rate of major complication was significantly higher in the group of patients operated on in an acute setting (35.8% vs 20.9%, p = 0.000), as well as the 30-day mortality rate (11.5% vs 0.9%, p = 0.000) and in-hospital rate (13.3% vs 0.9%, p = 0.000). an overview of major complications and necessitated treatment is depicted in table 2. median time from surgery to diagnosis of complications was 6 days (iQR, 3-9 days) in patients undergoing elective surgery and 5 days (iQR, 3-9 days) (p = 0.598) in patients undergoing surgery in an acute setting.
median hospital stay and median intensive care stay were significantly longer in uncomplicated patients or patients with minor complications operated on in an emergency setting compared with patients undergoing elective operations (p < 0.001). information on length of hospital stay and iCu stay is depicted in table 1.
C-Reactive Protein
the adjusted mean CRP levels per postoperative day are depicted in figure 1 . the adjusted mean CRP in elective patients increased from 16.13 mg/l preoperatively (postoperative day [PoD] 0) to a peak of 181.73 mg/l on PoD 2 after which the mean gradually drops toward a mean of 88.64 mg/l on PoD 7. in patients operated on in an acute setting, these numbers were 51.19 mg/l on PoD 0, 243.40 mg/l on PoD 2, and 82.86 mg/l on PoD 7. in patients operated on in an acute setting, the mean CRP level was significantly higher on PoD 0, PoD 1, and PoD 2 compared with patients undergoing elective surgery. from PoD 3 onward, CRP levels showed no statistically significant differences.
Data were stratified to assess the CRP levels after acute versus elective surgery in patients with major complications and in patients with minor or no complications. the adjusted means for each group are depicted in figure 2 .
separate analysis of CRP values in patients operated on in the acute setting, stratified for diagnosis (ie, ischemia, perforation) did not show significant differences in ANOVA testing with post hoc Bonferroni analysis (all p > 0.126).
stratified analysis according to postoperative complications within the group of patients that experienced a major complication, no statistical differences were observed from PoD 0 to PoD 7 in CRP levels between emergency and elective procedures. Whereas, within the group of patients with a minor or no complication, the CRP levels were significantly higher on PoD 0, PoD 1, and PoD 2 in patients undergoing operations in an acute setting compared with patients undergoing elective surgery. Receiver operator characteristic curve analysis was performed for PoD 3 with the optimal cutoff established by using the youden index in patients undergoing both acute and elective operations. in both cases, the optimal cutoff was determined at 140 mg/l with similar sensitivity and specificity (table 3) . 3 as markers for major complications. Correction was applied for sex, age, asa classification, laparoscopic versus open procedure, anastomosis, stoma, and duration of procedure. the model is depicted in table 4. no interaction was observed after correction between CRP and acute versus elective surgery. no effect modification or confounding was observed for any of the added variables, with the exception of duration of surgery. hence, the final model only included CRP, acute or elective surgery, and the duration of surgery.
Logistic Regression Analysis logistic regression analysis was performed with acute and elective surgery and the cutoff for CRP of 140 mg/l on PoD

DISCUSSION
this study shows that CRP levels may be used as a predictor for postoperative septic complications, with the same cutoff values, in patients undergoing both acute and elective surgery from as early as PoD 3. in all patients studied in this series, preoperative CRP levels in patients operated on for urgent causes were significantly higher than for patients undergoing elective surgery; this was maintained for 2 postoperative days. from PoD 3 onward, no statistically significant differences were observed between patients undergoing emergency and elective operations. Correction with logistic regression techniques further emphasized that there was no interaction between CRP levels and acutely or electively operated patients. Baseline differences between patients in an acute or elective setting further imply that these patient groups should be considered as different entities. major complications were observed more often in patients who were operated on in an acute setting; the overall rate of major complications is in line with other recent literature, although varying definitions of postoperative infective complications were used. 7, 20 length of hospital stay and iCu stay were significantly longer in patients undergoing emergency surgery with an uncomplicated or minor complicated postoperative Analysis shows similar results for area under the curve (AUC), sensitivity and specificity (p > 0.05). CRP = C-reactive protein; NPV = negative predictive value; LR+ = positive likelihood ratio; LR-= negative likelihood ratio; POD = postoperative day.
course. these results may be explained by the underlying diseases that necessitate emergency surgery. sometimes electively operated patients were also monitored in the iCu. During a preoperative multidisciplinary meeting, it is determined whether postoperative iCu management should be organized for patients undergoing extended resections and/or patients with several comorbid conditions. Postoperative CRP values are considered an important tool in the early assessment of major postoperative complications, especially in nonsymptomatic patients. a prediction model indicates that a patient after elective colorectal surgery on PoD 3 with a CRP level of 140 mg/l has a 25% chance to have a major postoperative complication. acute colorectal surgery is associated with a higher rate of postoperative complications. early diagnosis in these frail patients is of paramount importance. therefore, the CRP level as predictor could implicate further research. Possibly a Ct scan should be performed for confirmation or to rule out complications following a high CRP level on PoD 3, 4, or 5. Previous literature depicted a sensitivity of 91.7% for Ct scan in the diagnosis of major complications in the early postoperative phase. 2, 21 Prospective evidence is limited. a clinical trial is currently underway by our department to assess the effect of standardized CRP measurements followed by Ct-scan imaging if CRP is too high on early diagnosis and treatment of complications.
in acute surgery, CRP levels are often raised, because the indication for surgery is usually infection or tissue damage (ie, obstruction, perforation, necrosis). CRP levels only depend on the rate of synthesis, and levels are independent of diet, diurnal rhythm, or medication. 22, 23 in acute surgery, the infected or damaged part is removed; hence, the stimulus for CRP production is removed. the half-life of CRP is 19 hours, explaining why CRP levels show no differences between patients undergoing acute and elective surgery after PoD 2. 22 Because there are no statistically significant differences after PoD 3 between patients undergoing elective and acute operations, the results of this study show that the same levels of CRP in a prediction model can be used for assessing postoperative complications.
Research has focused mainly on CRP as a predictor for complications in patients undergoing elective operations. 6, [11] [12] [13] 15 other studies did include patients operated on in the acute setting, although no report was found on differences or correction for acute versus elective patients. 7-10,14 similar results hold for systematic reviews. 4, 17 the study is limited by its retrospective nature, and future research should aim to assess the use of CRP as an early marker for complications in a prospective setting. the baseline characteristics further emphasize the heterogeneity of the population, for which correction methods were applied, showing no effect modification. Confounding was only observed for duration of surgery; after correction the results still hold. importantly, no interactions between acute surgery and CRP levels were observed. hence, CRP levels from PoD 3 onward may be interpreted irrespective of whether the patient had emergency or elective colorectal surgery. future research should assess the role of standardized CRP measurements in a postoperative quality control algorithm for the prediction of complications and as a safe discharge criterion.
CONCLUSION
in emergency colorectal surgery and in elective colorectal surgery, the CRP level is a predictor for major complications. the effect of surgery in an acute setting on the postoperative concentrations of CRP is limited to the PoD 2. in the direct postoperative phase, CRP levels are higher in patients undergoing emergency surgery; from PoD 2 onward, levels are similar in patients undergoing both acute and elective surgeries. CRP therefore holds a similar value as a predictor of major complications for patients operated on in an acute setting as it does for patients operated on in an elective setting. Depicting the primary model, with correction for sex, age, ASA classification, indication, acute surgery, operation access, duration of surgery anastomosis, and stoma. No effect modification and confounding were observed in separate analyses, with the exception of acute/elective surgery, the 3 operated organ groups, and duration of surgery, which showed confounding. The final model is depicted here. CRP = C-reactive protein; POD = postoperative day; Sig. = significance.
